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Abstract 
In this study, we modified and applied an open source CFD software package, the TELEMAC, to simulate sediment transport and 
bed morphology on a meandering stretch of Nakdong River, between Gangjeong and Dalsung Weirs, whose length is about 20km. 
The numerical simulations have been carried out on a High Performance Computing Cluster (HPC) with the real river bathymetry 
and with different operation scenarios of the weirs. The hydrodynamic parameters and bed evolutions obtained from the numerical 
results have been validated against field observation data. In addition, this study is to figure out a magnitude of bed evolution and 
the location where the erosion or deposition taking place under the weir operating conditions. 
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1. Introduction 
After completion of the Four Major Rivers Restoration Project, several new weirs have been built on the Han, Nakdong, 
Geum and Yeongsan Rivers. As a result, the hydrodynamics and river morphology have been changed. Unfortunately, 
there are a few studies on bed morphology in a long river stretch caused by the weir operating systems. Due to physical 
scales and fluid properties, lab-scale models of a long river stretch cannot be derived from experiments according to 
the Hydraulic Similitude Laws. However, Computational Fluid Dynamics (CFD) tools can perform using real 
temporal and spatial scales under various operating conditions to predict turbulent flows and bedmorphology in any 
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natural river stretch. In recent years, with the increasing capabilities of computational technology, CFD has been 
widely used to determine fluid flow behavior in environmental and river engineering. A number of applications using 
CFD simulations to study the flow and scouring process in a natural river have been achieved. Due to the large 
temporal and spatial scales, in dealing with morphology problems in natural river flows, mainly 1D or 2D models are 
used to perform the simulations. Regarding 2D models, it should be mentioned such as TAB-2 (Thomas et al., 1985), 
MOBED 2 (Spasojevic, 1988), TELEMAC-2D (Galland et al., 1991), CCHE2D (Wu, 2001), River2D (Steffler and 
Blackburn, 2002), MIKE-21 (DHI, 2007), etc. However, most of available 2D models are commercial or shareware, 
the users cannot have a chance to modify and adapt the source code for their specific applications. Recently, 
TELEMAC has been released as an open source, which can give us an opportunity to modify the code to fit into our 
applications, therefore in this study we choose the open source TELEMAC-2D to simulate hydrodynamics, sediment 
transport and bed morphology on a stretch of Nakdong River located between two weirs, Gangjeong and Dalsung 
Weirs, whose length is around 20 km. The real bathymetry of the river stretch have been implemented in the numerical 
model. Numerical results have been validated against available field observation data, and thereafter the numerical 
model can be applied to answer the “what-if” questions following the practical water level management. 
2. Methodology 
As mentioned above, a 2D-numerical simulation is based on the TELEMAC 2D combined with SISYPHE model. This 
software uses finite element method and is capable to deal with complicated geometries by the use of unstructured 
grids. 
2.1. Hydrodynamic calculation: TELEMAC 2D 
The hydrodynamic calculations is based on TELEMAC 2D by solving depth averaged Reynolds Averaged Navier-
Stokes Equations (k-İ model), as follows: 
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Where h is the water depth, U and V are the depth averaged velocity components, Z is the free surface elevation, 
Fx and Fy are source terms, and ߥ௘ is the effective viscosity, and a summation of the molecular viscosity Ȟ and the 
turbulent viscosity ߥ௧ ൌ ܿఓ݇ଶȀߝ , (ߥ௘ ൌ ߥ ൅ ߥ௧ሻ. 
The depth averaged kinetic energy k, and its dissipation rate H  are defined by: temporal fluctuation of 
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where ݑ௜ᇱ is the fluctuating velocity, and Ui (i=1, 2, 3) are the average over time of velocity components; P is the 
production term: 
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Pkv and Pİv are vertical shear terms: 
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 , m is Manning’s coefficient, ݑכ is the friction velocity: 
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The empirical constants of the k- İ model are: ܿఓ ൌ ͲǤͲͻǡ ܿଵఌ ൌ ͳǤͶͶǡ ܿଶఌ ൌ ͳǤͻʹǡ ߪ௞ ൌ ͳǤͲǡ ߪఌ ൌ ͳǤ͵ 
2.2. Sediment transport calculation: SISYPHE 
Sisyphe is the module to calculate sediment transport processes. Transport rates are decomposed into bed and 
suspended loads, and are calculated as a function of the flow field and sediment properties at each node of the grid. 
This module is internally coupled with the hydrodynamic module; the flow field and river bathymetry are updated at 
each time step. In order to compute the bed load, it is possible to choose between different well-known formulas, such 
as Meyer-Peter-Müller, Einstein-Brown and Van Rijn's formulas. In this study, the bed gradation data has an averaged 
size of D50 = 1.68 mm, Van Rijn's formula (1984) is used, since it is designed to deal with a range of sediment sizes 
between 0.2 mm and 2 mm. For any application of the bed load formula, the bed transport rate depends on a non-
dimensional sand transport rate defined in Eq. (6) following Van Rijn's formula where a balance between a non-
dimensional bed shear stress, șp, and a non-dimensional Shield's parameter, șc, is established. 
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Suspended load of the sediment is calculated by solving the advection-diffusion equation for the sediment 
concentration C. As shown in Eq. (7), the suspended sediment particle velocities are denoted as up and vp, and are 
obtained as a summation of the velocities of the flow field u and v and the settling velocity parameter wp, defined by 
Van Rijn (1993). 
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Bed evolution is determined by solving the Exner's equation, Eq. (8), by setting a balance between the bed load 
transport rates,Qb , the river bed level, Zf; and the porosity is also taken into account, n=0.4.  
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3. Case study 
The study area is a meandering stretch of Nakdong River started from the downstream of Gangjeong Weir to the 
upstream of Dalsung Weir, whose length is about 20km (Fig. 1). As mentioned, the weir operations by controlling the 
water surface elevation can effect to the flow regimes and bedmorphology in this stretch. There are two river gauging 
stations in study area located at Samunjin and Goryeong Bridges, whereby the water surface elevations and discharges 
at each location are provided on WAMIS website (www.wamis.go.kr) for calibration. The bathymetry with a 
resolution of 40m has been observed in 2014 after finishing the construction of the weirs. 
Discharges from Nakdong and Keumho Rivers are applied for inlet boundary condition, and water surface elevation 
at upstream of Dalsung Weir is applied for outlet boundary condition. In addition, sediment transport is more 
effected by suspended load than bed load, therefore sediment discharge will be applied to all flood scenarios at inlet 
boundary condition by using Eq. (9) for Keumho River. Due to the control of Gangjeong Weir, the sediment 
discharge from upstream of Gangjeong Weir is neglected.  
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Fig. 1. River bed bathymetry after the constructions of weir 
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At the downstream boundary, a calculated water surface level from a specific empirical rating formula (10) for 
Nakdong River: 
140217.0 6018.0  QWSE                                                                                          (10) 
The formulas shown in Eqs. (9) and (10) are provided by the Ministry of Land and Transportation of Korea. 
 
 
 
Fig. 2. The hybrid mesh used to perform the simulation 
 
554   Van Thinh Nguyen and Noah Yun /  Procedia Engineering  154 ( 2016 )  550 – 556 
3.1. Validation of hydrodynamic module 
The simulation has been done for the time period from Aug. 13 to Aug. 31 of 2014. To precisely capture the effect 
caused by strong local flow, we applied a hybrid mesh as shown in Fig. 2, a finer mesh is used for curved area and the 
main channel, and coarser mesh for flood plain. The discharges of Nakdong and Keumho Rivers at inlet boundary 
condition are shown as the hydrographs in Fig. 3. Since the discharge from Nakdong River cannot obtain from the 
observation, it can be deduced by subtracting the discharge of Keumho River from the discharge at Goryeong Station 
(assuming that mass was conserved on this stretch, i.e. discharge at Goryeong Station = discharge of Nakddong + 
discharge of Keumho). At the downstream, the water surface elevation obtained from Eq. (9) shown in Fig. 4 is given 
at outlet boundary condition. 
Fig. 5 and 6 show a comparison of water surface elevation between the numerical results and the observation at the 
Samunjin and Goryeong Stations. This hydrodynamic agreement can guarantee to proceed the validation of bed 
evolution in next step. Figure 7 shows the water depth and velocity obtained from the numerical simulation, a strong 
velocity was taking place on the outer bank of meanders. 
 
 
Fig. 3. Discharge of Goryeong and Keumho Station in Aug 2014 
 
Fig. 4. Water surface elevation at upstream of Dalsung Weir in Aug 2014 
3.2. Evaluation of bed evolution based on water level management 
A validation of bed morphology on this river stretch of the numerical model has been shown in our recent 
publication (Nguyen et al., 2015). In this study, based on several management scenarios by controlling the water level 
in between 12m - 14m at the outlet boundary condition (on upstream of Dalsung Weir) we carried out a number of 
simulations to figure out the tendency of bedmorphology changes on this river stretch. A typical simulation is 
implemented for a minor flood scenario with the hydrodynamic conditions as described in Section 3.1. Fig. 8 shows 
the bed evolution after 18-day real-time simulation. Taking a look at Cross-Section A (Fig. 8), it is found that a 
significant erosion occurred at the confluence of Keumho and Nakdong Rivers in front of the island, this phenomenon 
is similar as a scouring happened in a front of a cylinder in a channel. The velocity from Keumho River is around 
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1.6m/s and accelerated to 2m/s at the entrance of conjunction caused a hydraulic jump, consequently a stronger erosion 
happened at this area. 
 
Fig. 5. Simulation result of water surface elevation at Samunjin Bridge 
 
Fig. 6. Simulation result of water surface elevation at Goryeong Bridge 
           
Fig. 7.  Simulation result of water depth and velocity after 6days 
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Fig. 8. Bed evolution after 18-day real-time simulation 
After joining Nakdong River where the water flows with a lower speed of about 0.5m/s in the main river, the flow is 
deaccelerated and the sediment start to deposit. A significant bed evolution is not generated once the management 
water level is held at 14 EL(m). However, the bed evolution is started to form once the management water level 
becomes lower. It can be seen that the bed level near the right bank of Nakdong River is relatively deeper than the left 
bank. It makes the main river narrower, consequently the flow is resisted by the river bed and its bedform moves to 
downstream maintaining its shape. Therefore, wide range of deposition is detected at the downstream. 
4. Conclusions 
Based on the results obtained from several numerical simulations of sediment transport and bed morphology for 
different management water level scenarios on the upstream of Dalsung Weir, we can conclude as follows. A 
comparison of the water levels between the simulation results and the observation data at Samunjin and Goryeong 
Bridges shows a good agreement. The areas where the erosion and deposition may take place can be identified from 
several water level management scenarios. The critical change in bed morphology occurs at the conjunction of 
Nakdong and Keumho Rivers, and at the meanders. The impact of water level management to bed evolution is 
intensively analysed from several practical management scenarios. Higher bed evolution occurs once lower water 
level scenario is applied to the upstream of Dalsung Weir. To operate Dalsung Weir, maintaining water surface 
elevation at 14EL (m) seems to be effective to prevent significant bed evolution, which has been shown from the 
simulations of several management scenarios. 
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